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Vvdornl Avlaritm Inlllanil nr.iaiih iuhjt.hti in 

invt»Ht lf»ato advanta.»J niMtliudn ior iIm* aiiaivsl;. oi (hii> n»iailr*l I hr 

National Trannportat Ion Haloty Ih.ard aiul \\u> alrliiu* ifMlii:;ii v pirv^n lv 

Uovolopotl mothocln io di'toniiliu' nomr ot tin- hanii ilrrjalf ♦ju.iiif i i I *. » • m* h ,r; 
ponitlon and vt'loolty (rrl, 1). Thr wt>rl' af Ann ;. ihair.iMh r»Marj Im , {m rn 
almt'd primarily at dorlvlnp, an oKpaiulrd ,ii t iH ilata whl.h iiM lu.h:. hiah t lu 
nhort-porlod rpianl lUon (Icirtva ami atiltudo aiipjrii) .u. wril .1, t hi iMin/^pri Ird 
quantlt loH (position ami volorlty). 

Thin papor rovlown llio analvnln ti*rlmlt|mMi whirli liavr hrm .h v»- l(M»rd .iud 
illuHtraloH thoir applltwitlon io CV^h^O t‘xpi»r j mnit a 1 lllplii l mi data* An 
oxample In alno Inrlrntml to (lluntiaU* Ihoir appMi aMon ti> artual ni idmi 
rcu'ordlnnn* I'ho ourront limilalltun; aiul Inltim* )M»irntiH ii-i (hr a •• a AT(' 
rucordlnttH in aooidont iuvi‘Htlj;at Ion aro dininmnod. 


Arc RADAR RKC0KI)1N(^S 


ATC radar rocordn can bo analyuod in various w*tvs ti* aid an ai i Idenl invos- 
tlgatiun. For oxampUs radar rooords ran l>o usihI tri drrivr a l inu-lustorv 
reconstruct Ion of the <iiroralt pi>sition with rospt'- t ti* thr airwav>;, lamiinv’ 
fields, ground obstruct Ions, and othor airrraft* In this H'port , radar position 
data, along with tlie altitude data (from .tn i>nboard Modi*~C I ransponder ) , are 
used to provide a t ime-hlstory ri‘ci>nsl nir t ion of the aiiaiatl dare.rli motions. 
These derived motion data can be used to complement t lu* t 1 i .dit -dal a rorordinc.s 
onboard airliners and provide a siuiriu* of rm*orilod iniormat ion lor otln r air- 
craft that are equipped with Modt^-C t riUispoiule rs (lie. hut not with 1 1 i r.ht 
recorders. 

Current ATC radar systems use t ransponder bean n repliv s as a mi an.-- 
determining the position for isicli targi*t aircrvift undt r surve i II anr i* . The 
transponder replies are resolved inti> range and arinuilh at o-uh radar .-ito. For 
those aircraft equipped with Modo-C t ransponders , prossuia’ ailiiade is aKse 
transmitted to tlu' groiuul. These raw data aro transfiumtd into sjsu 1 » i>or- 

dinates (x, y, h) at intervals ccirtespond inc. to the r.-ular .mtenn.. r>a ttional 
rate, nomii»ally <1 5- to IJ-sci' interval, dt*pi-ndiiu; u]'on I’ao t vjh* ot radsi' svsteri. 

There are primarily two tvprs oi AIT' radar uic,. J) tii.it , 

record these niw data. Tlu’ AutiMUaUsl K.id u leiminal S'.- ti-m tAKl'* Mlt, liuolisl 
at 61 of tlic major U'rmlnals, provide;, lissusiid i idat Tit 1 i‘ uUer'Ml* ot about 
.eec. The Katiim.il Airspaei' Sv^;totn (NAS Stai’o F'e.ili d at I hi .'m entoute 

centers, provides recorded radar data at intcr\.ils et about L' see. ih» lollew- 
Ing analvsi;; Usdmiqmss, a»ii later eximpli's, eetoude! ^iat i tier: hi't h tlu e 
systems. 


h*T)e alrcritit not lupiipped Witl. Mode -t , «»nh ' l. d.il data .Hi .ivail- 

able, thus limiting the e! t i‘ct i eem-.ss ot the t hi e* -il i vkui.. i oisi I rj.aiiii .umI. .is 
rc*porlcd herein. 
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Thi* ti>i-hnlcpu> ii!U‘d lo di-l frnii lU' thf airrrall niotlon.s Involves smoothlnp, of 
the raw radar data. Thesi- smnut hed results, in I'oinb Innt I on with other available 
Infornuitlon (wind profiles and alreraft performance data), are used to derive 
the expanded set of data (tip,. 1). 

Several types of smoothlnp, teclinlques (c‘.p. , least squares, Kalman filter/ 
HUK^others, etc.) are currently under evaluation at Ames. The smoothing tech- 
nique used for the results in this report Is based on a c ubi«' Itsist-squarc fit 
to the recorded raw data (ref. 4). This moving-arc procedure provides a 
smoothed time history of the aircraft position (x, y, h) , the Inertial veloci- 
ties (x, y, fi) and accelerations (x, y, h). A transformation of the inertial 
velocities provides a direct calculation oi the ground speed, the track angle, 
and the flight-path angle. Using the known winds ' (usually recorded twice a day 
at lo'uil weather stations), these Inertial data are transformed to the aircraft 
stability axes to provide true airspeed, the component of force along the air- 
speed vector (thrust-drag), the component of force normal to the airspeed vector 
(lift), and ti.e orientation of the total force vector (roll angle). The derived 
quantities which have been discussed so far are aircraft lnd<*pendent. Further 
derivations, based on aircraft dependent performance data, can determine the 
aircraft angle of attack, which is used in a transl ormat ion from the stability 
axes to derive the pitch and heading angles. 

Thus, time histories can be derived ol altitude, airspeed, attitude angles 
(pitch, roll, and heading), and acceleration forces (lift, thrust-drag). The 
accuracy of the derived information, however, will depend on several factors, 
such as the aircraft speed, the type of maneuvers being performed, the distance 
from the radar site, wind uncertainties, aircraft performance uncertainties, 
etc. The following examples illustrate the accuracy of the technique. 


CV-990 FLIGHT-TEST EXPERIMENTS 


In the.se experiments (tig. 4), the quantities derived from ATC radar 
records are compared with the actual values measured by the Instrumentation sys- 
tem onboard the CV-990 aircraft. Figures 5 and 6 show representative compari- 
sons of the radar-derived data (dotted lines) with the corresponding onboard 
measurements (solid lines). Measurements Included air data (altitude and air- 
speed), accelerometer (lift and thrust-drag) and Inertial platform (pitch, roll, 
and heading angles) time histories. 

The experlm»-ntfil results presented in llgtire !> were derived I rom ARTS 111 
radar records obtained during CV-990 flight operations at tlu* L<is Angeles 
terminal. These records include a landing approach to about bO m above the 
runway, followed by a go— around and a ISO” turn. These radar data were lecorded 
once each 4 . 7 sec . 

The experimental results in figure b were derived 1 rom NAS Stage A (t).ikland 
Center) radar records ol the tlV-990 descending liitti the Sto<'kl'Ui, (.aliltunia 
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airport. These records, obtained during normal flight operations, begin from a 
cruise condition at an altitude of about 10 km, followed by routine trim changes 
and descending turns down to an altitude of about 3 km. These radar data were 
recorded once each 12 see. 

The accuracy of the quantities derived from both radar systems have the 
same general trends. There is poor accuracy in some of the quantities derived 
during rapid orientation changes of the aircraft; however, there Is relatively 
good accuracy In most of the quantities derived during the steadier portions of 
flight. 


The errors that occur during rapid orientation change are found primarily 
in the values of lift, pitch, and roll angle. Rapid changes in these variables 
can go undetected because of the large time span (4.7 to 12 sec) between the 
radar records. 

During the steadier portion of the flight (e.g., steady turns, ascent, 
descent, etc.), most of the derived data are obtained with remarkably good 
accuracy. These radar-derived data are generally of sufficient accuracy to 
P^^®vide important information in the analysis of aircraft accidents. One 
representative application in an accident analysis is illustrated next. 


APPLICATION WITH ACTUAL ACCIDENT RECORDS 


This example is based on ATC radar data available from an airliner accident 
near Thlells, New York, on December 1, 1974. This aircraft, on a climbout from 
JFK, stalled at an altitude of about 8 km and entered an uncontrolled, spiral- 
ling descent into the ground. The stall was precipitated by an erroneous air- 
speed indication which had resulted from blockage of the pitot heads by atmo- 
spheric icing (ref. 5). 

Radar data were available during the climbout, stall, and the initial por- 
tion of the uncontrolled, spiralling descent. Only limited radar data were 
available during the later stages of descent, below about 6 km, b«o.-^use of 
intermittent transponder returns. A derived time history of the aircraft 
motions is presented in figure 7 (dotted lines) . Also shown for comparison are 
the four quantities (altitude, airspeed, normal force, and heading) available 
from the onboard foil-type flight recorder. 

The comparison of the radar-derived airspeed with the onboard airspeed 
measurement clearly shows the time at which the pitot head became blocked with 
Beyond that time, the radar-derived data indicate a decreasing airspeed 
that reached a minimum near the stall and then increased during the descent. 

The values of normal force derived from the radar data generally agree with the 
onboard measurement, except that the radar data cannot reproduce the short-term 
peak excursions which are actually experienced by the aircraft. The values of 
pitch angle derived from the radar data indicate a maximum angle of about 27® 
during stall, followed by values as steep as -25® during the initial portion of 
descent. The values of roll and heading angles derived from the radar c • a 
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indirati* llu* i>(»lut .il whft li v\n\\ drop (ucurrod and tlu» aircraft started into 
the splrall iuy, tU sta»nt • 


CUKUiari' LIMITATIONS AND FUTIIKK TRENDS 


The preceding, l*xaIllp)e^i (lips, b to 7) have illustrated the capability of 
deriving time hlHtin"li\s of I he aircraft motions from ATC radar recordings. How- 
ever, the cxperit*nct» gained through analyzing the CV-990 data and through 
applications to aciidenl investigations indicates certain limitations in the use 
of ATC radar rec'ordings for the analysis of aircraft dynamics. As noted 
earlier, the slow data rate from radar recordings precludes the determination of 
rapid orientation changes of the aircraft. Radar data also may have voids (no 
transponder returns) during some extreme, uncontrolled maneuvers, such as 
spiralling descents. AJso, current ATC radar recordings do not provide coverage 
of all aircraft operations. For instance, radar coverage generally does not 
extend to the ground level (for ground roll, liftoff, touchdown, etc.) and may 
not be available in remote areas. 

In spite of the^^e limitations, ATC radar records can provide an important 
source of data, both to complement the flight-data recorders onboard airliners 
and to provide a source of rec .rded information for other types of aircraft not 
equipped with onboard recorders. At the present time, only about 1.5 percent of 
the total aircraft In the United States have onboard flight-data recorders; 
whereas, about 30 percent have Mi>de-C transponders. The number of aircraft with 
Mode-C transponders is expected to grow to between 70 and 80 percent of the 
total aircraft fleet in the next few years (ref. 6). Because of this rapidly 
increasing number of aircraft with Mode-C transponders (fig. 1), the number of 
flight operations which can be analyzed by ATC recordings is steadily growing. 

A look into the ftiture also indicates that several features of the Upgraded 
Third Generation ATC System (refs. 6 to 8) , which is now undergoing evaluation 
by the Federal Aviation Agency, xtuxy ease some of the limitations noted above and 
could provide additional sources of data for use in accident investigations 
(fig. 8). For instance, th<‘ advanced transponders could provide Increased 
accuracy and Increase the number of downlinked quantities. The proposed termi- 
nal surveillance systems could extend coverage to the ground and provide 
increased accuracy and higher data rates. The proposed space satellite ATC 
systems could provide covoragt* over the ocean and eventually provide worldwide 
coverage. These futurt* trends of increased coverage, better accuracy, higher 
data rates, and an Increased numbi^r of downlinked quantities, along with the 
growing number of aircraft with transponders, imply Increasing (capabilities for 
the use of ATC r<*cords in accident investigation. 


CONCI.lIDlNt; REMARKS 


This paper has presented some results based on a Itudmique for derlviur, 
time histories of additional ai re* raft states from ATC radar records of x and y 
position and altitude*. This tiH'hnique sm<M>ths tlu* raw radar data and, using 
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oIIkt available information (wind profiles and aircraft performance), derives 
an expanded set of data which Includes airspeed, lift, thrust-drag, pltc’lj, roll, 
and lieadlng angles, etc. 

Applications in this paper illustrate that the largest errors In the 
derived data occur during rapid orientation changes of the aircraft. For the 
steadier portions of flight (ascent, descent, turns, etc.) the derived quanti- 
ties are generally of sufficient accuracy to provide Important Information in 
the analysts of aircraft accidents. 
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Figuie 1.- Two sources of accident recordings. 
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Figure 2.- ATC radar recording capabilities. 
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Figure 3.- Data expansion from ATC radar recordings. 
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4.- Evaluation of radar derived data using CV-990 measurements 
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Figure 5.- ARTS III radar derived data compared with cV-9'^0 measurements 
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Figure 6.- NAS Stage A radar derived data compared with CV-990 measurements 




















